Surface meteorological parameters acquired during the field phase experiment, BOBMEX-99, for the stationary periods (SP I and II) of the ship ORV Sagar Kanya over Bay of Bengal have been analysed. Active and weak monsoon conditions were observed during the first and the second phase of the experiment respectively over India as well as over the stationary ship location. The phase mean sea surface temperature (SST) is found to be the same in both the phases, however large differences have been observed in the phase mean values of wind speed, mean sea level pressure, latent heat and momentum fluxes at air-sea interface. Synoptic scale monsoon disturbances formed only during the period of strong north-south pressure gradient over the Bay region. Events of prominent fall in SST and in the upper 15 m ocean layer mean temperature and salinity values during typical rainfall events are cited. The impact of monsoon disturbances on ocean-atmosphere interface transfer processes has been investigated.
Introduction
Indian summer monsoon shows distinguished features like active-break phases on intra-seasonal scale which in turn result into the wet and dry spells respectively. Duration of these spells ultimately decides the overall performance of the season. During the months of July and August, these phases are related to the oscillations of the monsoon trough over the Indian region. More frequent cyclogenesis keep the monsoon trough more aligned to its normal position with higher cyclonic vorticity within it and ultimately results in high seasonal rainfall over India (Sikka 1980) . During these peak monsoon months, monsoon disturbances generally form at the eastern end of the trough over the head Bay of Bengal and move west-northwestward across it. Sea surface plays an important role in the genesis and intensification of synoptic scale disturbances over oceans. On the other hand, these disturbances have an impact on the oceanic mixed layer, causing changes in the SST. This complex feed back process between the sea surface and the atmospheric disturbances is important in determining the life span of the synoptic scale events (Paul et al 1992) . In view of these facts, the present study makes an attempt to analyse the special experimental data of BOBMEX-99 to understand the role of Bay of Bengal in the genesis of monsoon disturbances, their movements and associated airsea interaction processes.
The 'Bay of Bengal Monsoon Experiment' (BOBMEX-99), under the Indian Climate Research Program (ICRP, DST, India) was carried out in two phases viz., phase I: 16th July8th August and phase II: 11th -31st August 1999. The present study is based on the surface marine meteorological observations taken onboard ORV Sagar Kanya during its stationary periods 27th July -5th August (SP I) and 13th -22nd August 1999 (SP II) over north Bay of Bengal at 17.5
• N, 89
• E. Three-hourly data of mean sea level pressure (MSLP), wind speed (WS) and direction (WDN), total cloud cover (N), dry bulb Keywords. BOBMEX-99; Indian summer monsoon; monsoon trough; monsoon disturbances; ocean-atmosphere interaction.
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Monsoon performance over India and synoptic situation over Bay of Bengal
Figure 1(a) shows the temporal variations of daily percentage departures of all India monsoon rainfall (based on rainfall departure of all reporting stations from their daily normals) for the phase I and phase II of the experiment. The synoptic scale disturbances viz., well marked low pressure areas (WL1, WL2 and WL3), a deep depression (DD), a depression (D), an upper-air cyclonic circulation (CC) and low pressure areas (L1 and L2) which formed during this period are shown at the top of figure 1(c) . The duration of these events is marked by a dotted line, from their respective formation till the system is observed as a low pressure area on the surface chart. The period when they attained their maximum intensity is shown by a thick line. WL2 formed over the land near 26
• N, 80
• E. All other well-marked disturbances initially formed over Head Bay region and moved across the country. An upper-air cyclonic circulation (CC) that prevailed over the Bay region on 15th August and could not intensify further but influenced the weather over Sagar Kanya, which subsequently moved inland (15th to 19th August) is shown in the figure. Except this system, other upper air systems are not discussed in the present analysis.
High values of the positive departures of daily rainfall ranging between 40 and 60% of the normal are observed during 16th -22nd July. The rainfall remained slightly above normal on 27th July, 2nd August and 6th -7th August (figure 1a). These rainfall events correspond to the presence of monsoon disturbances WL1, DD, WL3 and D which formed over Bay of Bengal and moved westward across the monsoon trough. This indicates an active monsoon condition during phase I. Contrary to this, during phase II, large negative departures in rainfall are seen up to 25th August except the slightly above-normal rainfall departure on 10th
August which corresponds to the presence of the remnant of the disturbance (D) of the previous phase. The long epoch of below-normal rainfall and absence of synoptic scale disturbances indicate weak monsoon conditions in phase II. The positive departures of rainfall on 26th and 30th August occurred under the influence of two low pressure systems (L1 and L2). L1, especially formed very much southward in location and its center was observed very near to the east coast of India. These systems have formed at the end of the experiment and outside the stationary period of Sagar Kanya.
Paul et al (1990) have attributed the performance of the monsoon to the variability of zonal index i.e., the surface pressure difference between Thiruvananthapuram and Nagpur, over Indian land region. The better performance of the monsoon is linked with the high values of zonal index which is seen to be accompanied by the strong lowlevel westerlies over the Indian peninsula producing cyclonic wind shear and in turn give rise to the synoptic scale weather events over India. During July and August, synoptic scale disturbances usually form over north Bay and contribute to the performance of the monsoon. In the present analysis, the role of pressure gradient in formation of such disturbances is studied by estimating an oceanic zonal index (OZI) over the region of Bay of Bengal. The OZI is computed as the surface pressure gradient along 89
• E, between latitudes 5
• N and 18
• N estimated from the 03 UTC, surface charts. Figure 1(b) shows the variation of the OZI over the Bay of Bengal from 16th July to 31st August 99. It is seen that the OZI fluctuated around a mean value of about 9 hPa in phase I and around 6 hPa in phase II. Very high pressure gradients (> 10 hPa) are observed on 25th July, 1st -2nd August and 4th -8th August during phase I and on 26th August during phase II. Such increase in the index is observed to be followed by formation of intense low pressure systems over the Bay region. Like the zonal index over India, OZI would also be related to the strong low level zonal flow and increase in cyclonic vorticity, following which, development of disturbances is observed over the Bay of Bengal.
Figure 1(c) presents daily latitudinal position of the axis of the monsoon trough deduced from 03 UTC surface charts (IDWR) at 89
• E over the Bay region. The normal position of axis of the monsoon trough during July and August, at 89
• E lies near 22
• N which is northward of the stationary ship location by 4.5
• latitudes. It is interesting to note from the figure that the axis is located slightly to the south of its normal position on most of the days during phase I. The trough is found to be located further southward prior to the formation
